The phenomenological parametrizations of dark-energy (DE) equation of state can be very helpful, since they allow for the investigation of its cosmological behavior despite the fact that its underlying theory is unknown. However, although in the literature there has been a large amount of research on DE parametrizations which involve two or more free parameters, the one-parameter parametrizations seem to be underestimated. We perform a detailed observational confrontation of five one-parameter DE models, with observational data from cosmic microwave background (CMB), Joint light-curve analysis sample from Supernovae Type Ia observations (JLA), baryon acoustic oscillations (BAO) distance measurements, and cosmic chronometers (CC). We find that all models favor a phantom DE equation of state at present time, while they lead to H0 values in perfect agreement with its direct measurements and therefore they offer an alleviation to the H0-tension. Finally, performing a Bayesian analysis we show that although ΛCDM cosmology is still favored, one-parameter DE models have similar or better efficiency in fitting the data comparing to two-parameter DE parametrizations, and thus they deserve a thorough investigation.
from the w 0 w a CDM parametrizations, one-parameter dynamical DE parametrizations, as well as models with more than two parameters, have also been introduced and investigated in the last years. Nevertheless, the one-parameter dynamical DE parametrizations are much neglected in the literature compared to the DE parametrizations having two or more parameters. In principle we do not find any strong reason behind this underestimation, and thus in this work we take an initiation to investigate the features of this particular class of DE parametrizations, and explore its cosmological viabilities with the recent observational evidences, taking into account their advantage that they are more economical and have one free parameter less.
Hence, we introduce various one-parameter dynamical DE parametrizations that are primarily motivated from the phenomenological ground, and we perform a detailed observational confrontation. In particular, we use data from cosmic microwave background (CMB) observations, from Joint light-curve analysis sample from Supernovae Type Ia observations (JLA), from baryon acoustic oscillations (BAO) distance measurements, as well as from cosmic chronometers Hubble parameter measurements (CC), performing additionally various combined analyses.
The manuscript is organized as follows. In Section II we present the basic equations for a general dark-energy scenario at both the background and perturbation level, and we display the five one-parameter DE parametrizations that are going to be investigated. In Section III we describe the observational data sets that will be used. In Section IV we perform the observational confrontation, extracting the observational constraints on the various cosmological quantities. Finally, we close the present work in Section VI with a brief summary.
II. ONE-PARAMETER PARAMETRIZATIONS AT BACKGROUND AND PERTURBATION LEVELS
In this section we present the basic equations that determine the universe evolution at both the background and perturbation levels, and we introduce various one-parameter parametrizations for the dark-energy equation-of-state parameter. Throughout the work we consider the homogeneous and isotropic Friedmann-Lemaître-Robertson-Walker (FLRW) geometry, with metric
where a(t) is the scale factor and K determines spatial curvature, with values 0, −1 and +1 corresponding to spatially flat, open and closed universe, respectively. We consider a universe filled with radiation, baryons, cold dark matter, as well as of the (effective) DE fluid. In this case the Friedmann equations, that determine the universe evolution at the background level, read as
with G the Newton's constant and H =ȧ/a the Hubble function, with dots denoting derivatives with respect to cosmic time. In the above expressions we have introduced the total energy density and pressure ρ tot = ρ r + ρ b + ρ c + ρ x and p tot = p r + p b + p c + p x respectively, with the symbols r, b, c, x denoting radiation, baryon, cold dark matter and dark energy fluids. Finally, for simplicity in the following we will focus on the spatially flat case (K = 0) since it is favored by observations. As usual we assume that the above sectors do not have any mutual interaction, and thus the conservation equation of each fluid isρ
where i ∈ {r, b, c, x} and p i = w i ρ i . Note that out of equations (2), (3) and (4), only two are independent. Hence, using the known equation-of-state parameters w r = 1/3, w b = w c = 0, equations (4) give
and ρ c = ρ c0 a −3 , with ρ i0 the present value of ρ i and where we have set the present scale factor a 0 to 1. Similarly, concerning the dark energy sector, equation (4) leads to
Thus, the evolution equation (5) implies that the dynamics of DE can be determined as long as a specific parametrization of the DE equation of state is given.
Having presented the equations that determine the universe evolution at the background level, we now proceed to the investigation of its evolution at the perturbation level, since this is related to the observed structure formation. In order to study the perturbation equations, one needs to consider the perturbed FLRW metric either in synchronous or in conformal Newtonian gauge. In the following we consider the former choice, in which the perturbed metric takes the form
where η is the conformal time, and δ ij , h ij are respectively the unperturbed and the perturbated metric tensors. Perturbing additionally the fluid sectors, one can result to the following equations for a mode with wavenumber k [42, 43, 44 ]:
where primes mark derivatives with respect to conformal time and H = a /a is the conformal Hubble parameter. Furthermore, δ i = δρ i /ρ i is the density perturbation for the i-th fluid, θ i ≡ ik j v j denotes the divergence of the i-th fluid velocity, h = h j j stands for the trace of the metric perturbations h ij , and σ i is the anisotropic stress related to the i-th fluid. Finally, the quantity c 2 a,i =ṗ i /ρ i denotes the adiabatic speed of sound of the i-th fluid, and it is given by c 2 a,i = w i − w i 3H(1+wi) in the case where we set the sound speed c 2 s = δp i /δρ i to 1. In the following analysis we neglect the anisotropic stress for simplicity.
In this work we are interested in investigating one-parameter DE equation-of-state parametrizations. In particular, we consider five such parametrizations given by:
where w 0 is the only free parameter, corresponding to the dark energy equation-of-state parameter at present. In order to provide a more transparent picture of the behavior of the above parametrizations, in Fig. 1 we depict w x (a), taking two cases for w 0 , namely one lying in the quintessence and one lying in the phantom regime. As we can see, in all models w x (a) presents a decreasing behavior. 
III. OBSERVATIONAL DATA
In this section we proceed to a detailed observational confrontation of the one-parameter dynamical DE equationof-state parametrizations (9)-(13) presented in the previous section. We analyze several combinations of cosmological data, by considering the six cosmological parameters of the standard ΛCDM paradigm: the baryon and the cold dark matter energy densities Ω b h 2 and Ω c h 2 , the ratio between the sound horizon and the angular diameter distance at decoupling Θ s , the reionization optical depth τ , and the spectral index and the amplitude of the scalar primordial power spectrum n S and A S . Moreover, for the various models we add the free parameter w 0 , which parametrizes the DE evolution. All these 7 free parameters are explored within the range of the conservative flat priors listed in Table I . We derive the bounds on the cosmological parameters by analyzing the full range of the 2015 Planck temperature and polarization cosmic microwave background (CMB) angular power spectra, and we call this combination "CMB" [45, 46] . Additionally, we consider the Joint light-curve analysis sample from Supernovae Type Ia and we refer to this dataset as "JLA" [47] . Furthermore, we add the baryon acoustic oscillations (BAO) distance measurements, and we call them "BAO" [48, 49, 50] . Finally, we use the Hubble parameter measurements from the cosmic chronometers (CC) and we refer to them as "CC" [51] .
In order to analyze statistically the several combinations of datasets, exploring the different dynamical DE scenarios, we use our modified version of the publicly available Monte-Carlo Markov Chain package Cosmomc [52] , including the support for the Planck data release 2015 Likelihood Code [46] 1 . This has a convergence diagnostic based on the Gelman and Rubin statistic and implements an efficient sampling of the posterior distribution using the fast/slow parameter de-correlations [53] .
IV. RESULTS
In this section we present the observational constraints and their implications for all the one-parameter DE parametrizations (9)- (13) . All the models will be confronted initially with CMB data alone, and then with different combinations of cosmological data. In the following subsections we investigate the various models separately in detail, presenting their observational consequences.
A. Model I
We start by investigating Model I of (9), namely w x (a) = w 0 exp(a − 1). In Fig. 2 we can see the effect of different w 0 values on the temperature and matter power spectra. The results of the observational analysis of this model can be seen in Table II , where we display the 68% and 95% confidence level (CL) constraints for various quantities, while the full contour plots are presented in Fig. 3 . (9), namely wx(a) = w0 exp(a − 1), using various combinations of the observational data sets. Ωm0 is the current value of Ωm = Ω b + Ωc, while H0 is in units of km s
As we observe, the CMB data alone allow for a very large value of the Hubble constant at present and moreover its error bars are significantly large: H 0 = 74 +11 −7 at 68% CL (H 0 = 74 +14 −15 at 95% CL). The constraint on H 0 is actually very close to its local measurements [54] , recently confirmed by [55] and [56] . The CMB TT spectra (left graph) and the matter power spectra (right graph), for Model I of (9), namely wx(a) = w0 exp(a − 1), for various values of the free model parameter w0.
The present value of the DE equation-of-state parameter for CMB alone is found to prefer a phantom dark energy scenario, namely w 0 < −1, at more than 95% CL. Consequently, the matter density parameter decreases and acquires a very low value (Ω m0 = 0.268
−0.081 at 68% CL). However, since these Ω m0 and σ 8 are anti-correlated, while σ 8 is positively correlated with H 0 (see Fig. 3 ) this does not correspond to the alleviation of the S 8 = σ 8 Ω m0 /0.3 tension of Planck indirect estimation with the direct measurements from cosmic shear experiments like the Canada France Hawaii Lensing Survey (CFHTLenS) [57, 58] , the Kilo Degree Survey of 450 deg 2 of imaging data (KiDS-450) [59] , and the Dark Energy Survey (DES) [60] .
When the BAO data are added to CMB ones, the constraints on the model parameters are significantly improved and the error bars on most of the parameters, in particular w 0 , Ω m0 , σ 8 and H 0 , are decreased. The mean value of the Hubble constant slightly shifts towards a lower value, and the DE equation of state at present, w 0 , moves towards a smaller one (w 0 = −1.48 ± 0.10 at 68% CL) comparing to its estimation from CMB alone (w 0 < −1.45 at 68% CL). As one can see, the CMB+BAO data also assure the validity of w 0 < −1 at more than 99% CL. The interesting output of this analysis is that the constraint on H 0 is again found to be very close to its estimation by local measurements [54] . (9), namely wx(a) = w0 exp(a − 1), and the corresponding 1D posterior distributions.
The addition of JLA to the former data set combination further improves the cosmological constraints, as one can clearly see from Table II . In particular, we see that H 0 again shifts down and w 0 up, with decreasing error bars. An analogous improvement of the bounds can be seen for Ω m0 and σ 8 . Although the estimation of H 0 from this analysis decreases in comparison to the previous results of CMB and CMB+BAO, within 95% CL it can still match the direct estimation [54] . Furthermore, the DE equation of state at present is again found to be in phantom regime.
We close the analysis by adding the CC dataset, nevertheless the results for the data combination CMB+BAO+JLA+CC do not exhibit significant differences from the previous case CMB+BAO+JLA.
In summary, the observational analysis for Model I shows that w 0 < −1 at more than 95% CL for CMB only, while the tension on H 0 seems to be alleviated. The addition of JLA shifts H 0 towards lower values, but still in agreement within 2σ with [54] , while the addition of CC does not affect the results significantly. The contour plot in the w 0 − H 0 plane can be seen in lower left graph of Fig. 3 . The preference for a phantom DE equation of state is due to the better fit of the large scales of the temperature power spectrum, that prefers a lower quadrupole with respect to the ΛCDM scenario, as can be clearly seen in Fig. 4 .
Finally, comparing the results obtained for Model I with the constraints released by the Planck collaboration [61] for the wCDM or w 0 w a CDM models, we can notice that for Model I using only CMB data the H 0 value is well constrained by the data and is close to its directly measured value [54] , while it has a slightly lower limit for the (9), namely wx(a) = w0 exp(a − 1). While the curves are almost indistinguishable in the high multipole range, at large scales Model I can better recover the lower quadrupole of the data.
Planck extended scenarios. On the other hand, when adding the BAO data the H 0 value is still high and in agreement with [54] , while in the Planck case the Hubble constant decreases leading to the aforementioned tension.
B. Model II
In this subsection we investigate Model II of (10), namely w x (a) = w 0 a[1 − log(a)]. In Fig. 5 we present the effect of w 0 on the temperature and matter power spectra. Additionally, in Table III we summarize the observational constraints arising from various data combinations, while the full contour plots are presented in Fig. 6 . 
The CMB TT spectra (left graph) and the matter power spectra (right graph), for Model II of (10), namely wx(a) = w0a[1 − log(a)], for various values of the free model parameter w0.
Comparing the results with those of Model I above, we can see that for Model II and using the CMB data alone we find that H 0 acquires higher values (H 0 = 81 +12 −9 at 68% CL) and w 0 indicates a strong evidence for a phantom equation of state which remains at more than 95% CL. Moreover, similarly to Model I, for Model II we also observe that the combinations CMB+BAO, CMB+BAO+JLA and CMB+BAO+JLA+CC significantly improve the constraints and reduce the error bars on the parameters. In particular, the H 0 mean value shifts towards lower values and we find w 0 < −1 at more than 95% CL for all data combinations. Note that from CMB+BAO the estimated value of H 0 is in agreement within 1 standard deviation with the local estimation of [54] and thus the H 0 -tension is alleviated (H 0 is higher than the one estimated by Planck 2015 [62] for the base ΛCDM scenario, and it is in perfect agreement to [54] ). Additionally, for the last two combinations CMB+BAO+JLA and CMB+BAO+JLA+CC we observe that while the Hubble constant is always in agreement within 2σ with [54] , in contrast to Model I w 0 prefers a lower phantom mean value, but still with high significance. The contour plot in the w 0 − H 0 plane can be seen in lower left graph of Fig. 6 . Finally, similarly to the previous model, the σ 8 tension is not reconciled.
C. Model III
We proceed to the investigation of Model III of (11), namely w x (a) = w 0 a exp (1 − a) . In Fig. 7 we depict the effect of w 0 on the temperature and matter power spectra. Moreover, in Table IV we summarize the observational constraints arising from various data combinations, while the full contour plots are presented in Fig. 8 . (11), namely wx(a) = w0a exp(1 − a), using various combinations of the observational data sets. Ωm0 is the current value of Ωm = Ω b + Ωc, while H0 is in units of km s
As we can see, for the CMB data alone the Hubble parameter acquires an even larger mean value in comparison to the previous models, while the DE equation-of-state parameter at present obtains a smaller value, namely w 0 = −1. or CC, to CMB significantly improves the constraints, and w 0 < −1 is still valid up to 95% CL. For the combination of CMB+BAO data we see that the estimated value of H 0 = 71.4 +1.4 −1.6 (at 68% CL) is perfectly in agreement to its local estimation of [54] , alleviating the H 0 -tension. Moreover, concerning w 0 we can note that it is constrained to be w 0 = −1.239 +0.060 −0.049 (at 68% CL) which is phantom at more than 3σ. The addition of JLA to CMB+BAO decreases the error bars on H 0 , Ω m0 and σ 8 , while within 95% CL this model seems to alleviate the tension on H 0 . The contour plot in the w 0 − H 0 plane can be seen in lower left graph of Fig. 8 . Finally, the combination CMB+BAO+JLA+CC does not offer any notable differences compared to the analysis with CMB+BAO+JLA, and thus similar conclusions are achieved.
D. Model IV
In this subsection we investigate Model IV of (12), namely w x (a) = w 0 a[1 + sin(1 − a)]. In Fig. 9 we present the effect of w 0 on the temperature and matter power spectra. Additionally, in Table V we summarize the observational constraints arising from various data combinations, while the full contour plots are presented in Fig. 10 .
As we see, the estimations of the Hubble parameter for all the dataset combinations are shifted towards higher +9.9 −6.5 at 68% CL. As before, the inclusion of any external data set significantly improves the constraints on the cosmological parameters, decreasing the error bars. A common feature for all the analysis is that w 0 remains in the phantom regime at more than 95% CL. Furthermore, for this model the CMB+BAO+JLA and CMB+BAO+JLA+CC data combinations favor a phantom DE equation of state at many standard deviations. Additionally, it is clearly seen that the H 0 -tension is alleviated for all the combinations considered, apart from the CMB data alone which predict a quite high H 0 value. Finally, the contour plot in the w 0 − H 0 plane can be seen in lower left graph of Fig. 10 .
E. Model V
We close our analysis with the investigation of Model V of (13), namely w x (a) = w 0 a[1 + arcsin(1 − a)]. In Fig. 11 we show the effect of w 0 on the temperature and matter power spectra. Additionally, in Table VI we summarize the observational constraints arising from various data combinations, while the full contour plots are presented in Fig. 12 .
As we observe, we can clearly notice that this model maintains a similar trend compared to the previous four dynamical DE models. The present value of the DE equation-of-state parameter is constrained in the phantom at 68% CL) with large error bars, however for the other data combinations H 0 and its errors bars decrease, and it becomes clear that the H 0 -tension can be alleviated. Finally, the contour plot in the w 0 − H 0 plane can be seen in lower left graph of Fig. 12 .
V. MODEL COMPARISON AND THE BAYESIAN EVIDENCE
In the previous section we performed the observational analysis and we extracted the constraints on the various cosmological parameters of the five examined models. Concerning the free parameter of the models, in Fig. 13 we summarize the results, and we present them in a nutshell in a Whisker graph showing the 68% and 95% CL. As we mentioned above, we observe that in all models a phantom DE equation-of-state parameter at current time is favored. Moreover, from Fig. 13 we may also note that the extracted w 0 for Model II and III using the common datasets, namely, CMB+BAO, CMB+BAO+JLA and CMB+BAO+JLA+CC, is relatively close to the cosmological constant bundary w 0 = −1, compared to the other three models. Additionally, in order to present in a more transparent way the alleviation of the H 0 -tension, in Fig. 14 we summarize the contour plots in the w 0 − H 0 plane for all the examined models. From the figure one can notice that the parameters H 0 and w 0 are correlated to each other. The question that arises naturally is which of the five models exhibits a better behavior, and moreover how efficient are they comparing to standard ΛCDM cosmology. Hence, we close our work with examining the Bayesian evidence of each of the five models analyzed above, compared to the reference ΛCDM cosmological scenario. The Bayesian evidence plays a crucial role in determining the observational support of any cosmological model. The involved calculation is performed through the publicly available code MCEvidence [63, 64] 2 . We mention that MCEvidence needs only the MCMC chains that are used to extract the parameters of the models.
In Bayesian analysis one needs to evaluate the posterior probability of the model parameters θ, given a particular observational dataset x with any prior information for a model M . Using the Bayes theorem one can write
where the quantity p(x|θ, M ) refers to the likelihood as a function of θ with π(θ|M ) the prior information. The quantity p(x|M ) that appears in the denominator of (14) is known as the Bayesian evidence used for the model comparison. Let us note that this Bayesian evidence is the integral over the non-normalized posteriorp(θ|x,
given by
Now, for any cosmological model M i and the reference model M j (the reference model is the one with respect to which we compare the observational viability), the posterior probability is given by the following law:
where the quantity B ij = p(x|Mi) p(x|Mj ) is the Bayes factor of the model M i with respect to the reference model M j . Depending on different values of B ij (or equivalently ln B ij ) we quantify the observational support of the model M i over the model M j . Here we use the widely accepted Jeffreys scales [65] shown in Table VII , which imply that for B ij > 1 the observational data support model M i more strongly than model M j . The negative values of ln B ij reverse the conclusion, that is the reference model M j is preferred over M i . In Table VIII we present the values of ln B ij calculated for the five one-parameter DE models (9)-(13) analyzed in the previous section, for various observational datasets, compared to the reference ΛCDM scenario. From the values of ln B ij we can see that Model II and Model III present a better behavior than the other three analyzed models. However, comparing to all models the reference ΛCDM scenario is favored. Nevertheless, we mention here that, interestingly enough, the one-parameter DE parametrizations considered in the present work seem to behave similarly or be less disfavored with respect to ΛCDM scenario comparing with two-parameter DE parametrizations [26, 27, 39, 40] . This is an indication that one-parameter DE models can indeed be efficient in describing the universe evolution. (13), for various combinations of datasets. The gray horizontal band is the 68% CL Hubble parameter value corresponding to the direct measurement of [54] , while the dotted vertical line marks the cosmological constant value w0 = −1.
VI. SUMMARY AND CONCLUSIONS
The phenomenological parametrizations of DE equation of state can be very helpful for the investigation of DE features, since they are of general validity and can describe the DE sector independently of whether it is an extra peculiar fluid in the framework of general relativity or it is effectively of gravitational origin. However, although in the literature there has been a large amount of research on DE parametrizations which involve two or more free parameters, the one-parameter parametrizations seem to be underestimated.
In this work we performed a detailed observational confrontation of several one-parameter DE parametrizations, with (9)- (13), with respect to the reference ΛCDM scenario. The negative sign indicates that the reference scenario is preferred over the fitted models.
various combination datasets. In particular, we used data from cosmic microwave background (CMB) observations, from Joint light-curve analysis sample from Supernovae Type Ia observations (JLA), from baryon acoustic oscillations (BAO) distance measurements, as well as from cosmic chronometers Hubble parameter measurements (CC), and we additionally performed various combined analyses.
Our analyses revealed that all the examined one-parameter dynamical DE models favor a phantom DE equationof-state at present time w 0 , and this remains valid at more than 95% CL, confirming the result obtained in various other works in different contexts [32, 34, 66, 67, 68, 69, 70, 71, 72] . The inclusion of any external dataset to CMB improves the fitting and decreases the errors significantly without any change in the conclusion. Concerning the present value of the Hubble parameter H 0 , we found that the CMB data alone leads to large error bars, however the inclusion of other datasets decreases them significantly, with the favored H 0 value being in perfect agreement with its direct measurements. Hence, we deduce that one-parameter DE models can provide a solution to the known H 0 -tension between local measurements and Planck indirect ones. This is one of the main results of the present work. Nevertheless, the possible σ 8 -tension does not seem to be reconciled, since in all models the favored σ 8 value is similar to the Planck's estimated one.
Finally, in order to examine which of the five models is better fitted to the data, as well as in order to compare it with ΛCDM cosmological scenario, we performed a Bayesian analysis. As we saw Model II and Model III are relatively close to ΛCDM (this can also be viewed from the Whisker graph in Fig. 13 where w 0 for Model II and Model III are relatively close to w 0 = −1 compared to other models). However, the reference ΛCDM scenario is still favored comparing to all models. Nevertheless, these one-parameter DE models have similar or better efficiency in fitting the data comparing with the two-parameter DE parametrizations analyzed in the literature, taking into account their advantage that they are more economical and have one free parameter less. This is an indication that one-parameter DE models can indeed be efficient in describing the universe evolution, and thus they deserve a thorough investigation.
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